We present 98 spectroscopic binary orbits resulting from our ongoing radial-velocity survey of the old (7 Gyr) open cluster NGC 188. All but 13 are high-probability cluster members based on both radial-velocity and proper-motion membership analyses. 15 of these member binaries are double lined. Our stellar sample spans a magnitude range of 10.8≤V≤16.5 (1.14-0.92 M ⊙ ) and extends spatially to 17 pc (∼13 core radii). All of our binary orbits have periods ranging from a few days to on the order of 10 3 days, and thus are hard binaries that dynamically power the cluster. For each binary, we present the orbital solutions and place constraints on the component masses. Additionally, we discuss a few binaries of note from our sample, identifying a likely blue straggler -blue straggler binary system (7782), a double-lined binary with a secondary star which is under-luminous for its mass (5080), two potential eclipsing binaries (4705 and 5762), and two binaries which are likely members of a quadruple system (5015a and 5015b).
Introduction
Within an open cluster, dynamical interactions with hard binaries 2 provide energy to the cluster, and can foster a complex interplay of stellar evolution, stellar dynamical exchanges, mass transfer, and even stellar collisions. Such interactions have the potential to result in the formation of "anomalous" stars that defy standard stellar evolutionary theory, such as blue stragglers (BSs) . Recent N -body simulations (e.g., Hurley et al. 2005 ) are beginning to illuminate the likely formation mechanisms of such anomalous stars within open clusters, and it has become clear that the binary population plays a significant role.
Detailed studies of open cluster binary populations are critical to constrain such models so that we can study cluster evolution as well as the formation mechanisms of anomalous stars. Furthermore, accurate and comprehensive surveys of binary populations are essential for our understanding of the onset of mass transfer, tidal interactions, initial and present-day mass functions, stellar dynamics, and even star formation processes.
Radial-velocity (RV) surveys offer an efficient way to identify single
3 and binary open cluster members as well as to solve for binary orbital solutions. Open clusters are ideally suited for such surveys as they offer a coeval sample of stars that are generally easily accessible through ground-based observations using even modest-sized telescopes. Spectroscopic binary surveys have been carried out for a few well known clusters (e.g., Hyades Debernardi et al. (2000) ; Praesepe, Mermilliod & Mayor (1999) , Abt & Willmarth (1999) , Debernardi et al. (2000) ; Pleiades, Mermilliod et al. (1992) ; and M67; Mathieu, Latham & Griffin (1990) ). Today, the advent of multi-object spectrographs permits surveys of larger stellar samples in more distant open clusters, allowing us to explore binary populations as a function of age, stellar density, metallicity and stellar mass.
We present 98 binary orbits in the old (7 Gyr) open cluster NGC 188, derived from our ongoing RV survey of the cluster, covering a magnitude range of 10.8≤V≤16.5 (1.14-0.92 M ⊙ ), a 1
• diameter region on the sky (roughly 13 core radii 4 ) and, for some binaries, a timespan of up to thirty years. This survey of NGC 188 is part of the WIYN Open Cluster Study (WOCS; Mathieu 2000) . Our detectable binaries all have periods ranging from a few days to on the order of 10 3 days. Given an internal velocity dispersion of 0.64 ± 0.04 km s −1 (Geller et al. 2008 , hereafter Paper 1), these binaries constitute much of the hard-binary population that dynamically powers the cluster. In Paper 1, we describe our observations, data reduction and the precision of our measurements. We also provide RV membership probabilities (P RV ) for stars observed ≥3 times and identify RV variable stars. In this second paper in the series, we present our complete current RV database on the cluster (Section 2). In Section 3, we provide the 70 single-lined (SB1) and 15 double-lined (SB2) binary cluster-member orbital solutions derived from this survey. For each binary, we provide the plotted orbital solution, tabulated orbital parameters, and constraints on the component masses. In Section 4 we discuss a few binaries of note, including a likely blue straggler -blue straggler binary system (7782), a SB2 binary with a secondary star which is under-luminous for its mass (5080), two potential eclipsing binaries (4705 and 5762), and two binaries which are likely members of a quadruple system (5015a and 5015b). Finally, in the Appendix we provide the orbital solutions and parameters for the 13 field binaries that we have serendipitously discovered over the course of our survey. The third paper in this series will study the binary frequency of the cluster and analyze the binary distributions in period, eccentricity and secondary mass. With the data analyzed in this series of papers, we will gain a detailed understanding of the cluster dynamics, the properties of the hard-binary population and their influence on the formation of anomalous stars like BSs, and thereby provide valuable constraints for future N -body models of NGC 188.
Data
Our NGC 188 stellar sample spans a magnitude range of 10.8≤V≤16.5 and a 1
• diameter region on the sky. Our magnitude limits include solar-mass main-sequence stars, subgiants, giants, and BSs, and our spatial coverage extends radially to ∼13 core radii. The IDs and coordinates for our stellar sample are taken from the Platais et al. (2003) proper-motion (PM) study. As explained in Paper 1, our full RV database is composed of two data sets, one from WIYN 5 and one from the Dominion Astrophysical Observatory (DAO). The DAO dataset is composed of RVs measured at the DAO 1.2m and the Palomar 5m telescopes both converted to the DAO Radial-Velocity Spectrometer (RVS) system. Here we present our complete current RV database for each of our observed stars in the field of NGC 188 in Table 1 . We include in this table both cluster members and nonmembers as well as stars without sufficient observations to derive membership information. We refer the reader to Paper 1 for thorough descriptions of our stellar sample and its completeness, and where we provide our findings on cluster membership and velocity variability.
We show data for two stars, one SB2 binary and one single star, in Table 1 , and provide the full table electronically. For individual RV measurements, we list the reduced Heliocentric Julian Date (HJD-2400000 d), the observatory at which the observations were taken, using "W" for WIYN, "D" for DAO and "P" for Palomar, the measured RV, and the cross-correlation peak height for WIYN measurements as a guide to the quality of measurement (with a maximum value of 1; see Paper 1 for a detailed description of the precision of our data as a function of the peak height). For the binaries with orbital solutions, we also provide the residual (O-C), derived as the observed minus the expected RV from the orbital solution, and the phase. For SB2 binaries with orbital solutions, we provide RVs and cross-correlation peak heights (where available) for both stars and their respective residuals.
Observations taken at the WIYN 3.5m range in date from October 1995 through August 2008. Observations made at the DAO 1.2m range in date from February 1980 through November 1996. All observations prior to 1980 were taken at the Palomar 5m, with the earliest observations taken in December 1973. We have found no zero-point offset between the WIYN and DAO data sets (Paper 1), and have thus integrated both sets of measurements without modification into the single RV data set presented here. The precision of the WIYN data is 0.4 km s −1 and of the DAO data is 1.0 km s −1 (Paper 1).
Spectroscopic Binary Orbits
In the following section, we present our 85 orbital solutions of the binary members of NGC 188. We first discuss our 70 SB1 binaries and then our 15 SB2 binaries. For both sets, we provide the tabulated orbital parameters, plotted orbit curves and component mass estimates. 
Single-Lined Orbital Solutions
For each SB1 binary, we solve for the orbital solution using the data given in Table 1 . We provide the plotted orbital solutions in Figure 1 ; for each binary we plot the orbit in the top panel and the RV residuals in the bottom panel. In Table 2 we provide the orbital elements for each binary in two rows, where the first row includes the binary ID, the orbital period (P ), the number of orbital cycles observed, the center-of-mass RV (γ), the orbital amplitude (K), the eccentricity (e), the longitude of periastron (ω), a Julian Date of periastron passage (T • ), the projected semi-major axis (a sin i), the mass function (f (m)), the rms residual velocity from the orbital solution (σ), and the number of RV measurements (N ). Where applicable, the second row contains the respective errors on each of these values. In Table 3 , we present physical properties for each SB1, including the WOCS ID, the V magnitude and the (B −V ) color (both from Stetson et al. 2004) , the radial distance from the cluster center (in arcminutes), the RV membership probability (P RV ; from Paper 1), the PM membership probability (P P M ; from Platais et al. 2003) , a photometric estimate for the mass of the primary (M 1 ), a lower limit for the mass of the secondary (M 2 min), and finally a photometric estimate for the mass of the secondary (M 2 ).
The photometric estimates for the primary and secondary masses are derived simultaneously across the available U BV RI photometry for each binary using a photometric deconvolution technique. We use the observed (U − V ), (B −V ), (V − R), and (V − I) colors, where available, and V magnitudes (as compiled by Stetson et al. (2004) ) along with a 7 Gyr, solar-metallicity Padova isochrone 6 (Girardi et al. 2002) to produce a set of synthetic binaries. This set of binaries contains primary stars within a range of masses whose magnitudes extend from the observed V magnitude to this magnitude plus 0.75 (as this would be the contribution from an equal mass companion) and, for each primary star, a set of secondary stars of equal or lesser mass. The component masses of the synthetic binary that has a composite V magnitude and colors in the available photometric bands that most closely match the observed V magnitude and colors, in both color-magnitude and color-color space, are taken as the photometric primary and secondary mass estimates.
We only attempt to quote masses for the main-sequence, sub-giant and giant binaries. We caution the reader that, for binaries with mass ratios 0.5, the photometric masses are less certain, as solar-type binaries with these low mass ratios fall very near to the isochrone (e.g., Hurley & Tout 1998) . Also the morphology of the isochrone near the turnoff, makes the masses for binaries in this region more sensitive to selection of the distance modulus. In certain cases (e.g., when the observed binary lies directly on the isochrone to within the photometric errors, or the binary is found blueward of the main-sequence or redward of the giant branch), we cannot derive reliable mass estimates in the manner described above. For such cases, we use the observed V magnitude to estimate an upper limit on the mass of the primary star. We have found that the secondary must be at least 2.5 magnitudes fainter than the primary at a central wavelength of 5250Å (the central wavelength of the WIYN spectra) for the binary to be observed as single lined. Thus, in these cases, we use this resulting upper limit on the V magnitude for the secondary to derive the upper limit on its mass (and note this in the table). Finally, for all SB1 binaries we use the primary mass estimate along with the orbital mass function to derive a lower limit on the secondary mass.
For two binaries, 4965 and 4688, we notice a clear trend with time in the residuals of the orbital solutions fit to the observed RVs. We assume that this trend is due to the presence of an additional longperiod companion (or companions). Therefore, for each of these two binaries, we fit a polynomial function (of first and second order, respectively) to the residuals, subtract this fit from the observed RVs, and refit the orbit to these corrected RVs. There is no trend in the resulting residuals from the corrected orbital solutions for either of these binaries. We note that all of the orbital parameters derived from the corrected orbital solutions agree with those of the uncorrected orbital solutions to within the errors, except for two parameters in 4688; the orbital amplitude, K, increased from 6.7 ± 0.5 in the uncorrected orbit to 9.6 ± 1.7 in the corrected orbit, and the orbital eccentricity, e, increased from 0.57 ± 0.05 in the uncorrected orbit to 0.70 ± 0.04 in the corrected orbit. We show the corrected orbital solution plots in Figure 1 and parameters in Table 2 . In our RV data table, Table 1 , we include the observed RVs and the residuals to the corrected orbital solutions.
Curiously, this SB1 photometric deconvolution technique has yielded three cases where we would expect to see the secondary. Binaries 4524 and 4843 lie well blueward of the giant branch, and binary 4390 lies well redward of the main sequence. We also note that some spectra of 4710 reveal an additionally component for which we have no current explanation. This binary is located near the main-sequence turnoff. The rest of the mass estimates yield luminosity ratios in which we indeed would not expect to observe the secondary star, given our observing setup.
We use a Monte Carlo technique to estimate the mean uncertainty on our mass estimates, assuming this uncertainty to be derived from two main sources: the uncertainties on the photometry and on the isochrone fit. For binaries in which we can estimate masses from the photometric deconvolution technique, we find a mean uncertainty for the primary mass of 0.09 M ⊙ and on the secondary of 0.14 M ⊙ . The standard deviations about these means are 0.15 M ⊙ and 0.20 M ⊙ , respectively. Uncertainties on the minimum secondary masses are found in a similar manner, using the derived primary mass uncertainty along with the error on the mass function resulting from the orbital solution, and result in a mean uncertainty of 0.04 M ⊙ with a standard deviation about the mean of 0.10 M ⊙ . Finally, for binaries in which we can only give limits on the primary and secondary masses, we note that the mean uncertainty on the V magnitudes for all binaries is 0.011 magnitudes. For solar-type stars, a shift of this amount to the observed magnitude of a main-sequence star results in a shift in mass of 0.003 M ⊙ . a We caution the reader that, though these orbital solutions appear to be robust, these binaries have poor phase coverage. 
Double-Lined Orbital Solutions
The RV measurements for the primary and secondary stars of a given SB2 binary are found using a TwO Dimensional CORelation (TODCOR) technique formulated by Zucker & Mazeh (1994) . TODCOR uses two template spectra to derive the two RVs of an SB2 binary simultaneously, greatly increasing our ability to recover reliable RVs even for those observations that appear highly blended in a one-dimensional cross-correlation function. As all of our detected SB2 binaries have mass ratios 0.7, we choose to use the same solar template that we use to derive RVs for all single stars and SB1 binaries as both template spectra in TODCOR. Our procedure in deriving the orbital solutions is to first solve for the orbit of the primary in the manner discussed in Section 3.1 and then use the derived orbital elements to solve for the full SB2 orbit (including the RVs of the secondary star). We provide the plotted orbital solutions in Figure 2 ; the plots are of the same format as for the SB1 binaries, except here, the primary RVs are plotted using filled circles while secondary RVs are plotted with open circles. Additionally, we present the tabulated orbital elements in Table 4 , in similar format to Table 2 , except here, in place of the mass function, we provide the quantity m sin 3 i and the mass ratio (q).
We also include Table 5 that contains similar information on the SB2 binaries as we provide in Table 3 for the SB1 binaries. Here we do not quote a lower limit on the secondary mass as the mass ratio can be calculated directly from the orbital solution. We use the same photometric deconvolution procedure as for the SB1 binaries to derive the photometric mass estimates, except, here, we keep the mass ratio fixed. For the red-giant binary 3118, we cannot use this technique, as the system is observed to lie redward of the giant branch. Therefore, we use the Padova isochrone to formulate a mass-luminosity relation of L ∝ M 11 , valid for this region on the NGC 188 giant branch, to derive the appropriate correction to the observed V magnitude, from which we can estimate the primary mass. (Specifically, we observe a mass ratio for 3118 of q = 0.795, which implies a correction to the observed V magnitude of V 1 = V + 0.08, and we use this V 1 to estimate the mass of the primary.) Given this primary mass estimate and the mass ratio, we can easily derive the secondary mass.
Again, we utilize a Monte Carlo technique to estimate the uncertainties on our mass estimates in a similar manner to Section 3.1. The mean uncertainty on the primary mass estimates is similar to that of the SB1 binaries. We can then use the mass ratio, primary mass and their respective uncertainties to derive a mean uncertainty on the secondary-mass estimates of 0.09 M ⊙ , with a standard deviation about this mean of 0.02 M ⊙ . Additionally, we utilize our SB2 binaries to check the accuracy of this photometric deconvolution technique by first estimating masses with the mass ratio fixed and then estimating masses for the same binaries without fixing the mass ratio (essentially, treating the systems as SB1 binaries and using the technique described in Section 3.1). For the primary mass, we find a mean difference between these two techniques of 0.01 M ⊙ , and for the secondary mass estimates, we find a mean difference of 0.03 M ⊙ . The standard deviations about these means are 0.02 M ⊙ and 0.06 M ⊙ , respectively. These values lie within our estimated uncertainties, and demonstrate the robustness of the mass estimates for both SB1 and SB2 binaries derived using our photometric deconvolution technique. 
Binaries of Note
In the following section, we discuss the properties of various intriguing binaries that we have discovered in NGC 188. We first discuss three binaries that contain potential encounter products. We then include our photometric variables and X-ray sources, and present evidence that 5015 is in fact a quadruple system composed of two SB1 binary cluster members.
Binaries Containing Potential Encounter Products
5078: 5078 has a period of 4.78303 ± 0.00012 days, well below the circularization period of 14.5 days in NGC 188 (Meibom & Mathieu 2005) . However this binary has a significantly higher than circular eccentricity, at 0.121 ± 0.006. 5078 is a particularly intriguing binary as it is a BS with an SB2 orbital solution. This relatively high eccentricity may be a sign of a recent dynamical interaction or an additional companion (Mazeh 1990) . Triple systems are not uncommon within binary populations, with observational evidence ranging from 5-50% (Mayor & Mazeh 1987; Duquennoy & Mayor 1991; Pourbaix et al. 2004; Tokovinin et al. 2006) . Furthermore, Tokovinin et al. (2006) showed that for solar-type binaries, the frequency of additional companions increases towards shorter inner-binary periods, finding a frequency of tertiary companions for binaries with periods ∼5 days of ∼65%.
5080 : 5080 is a SB2 binary found right above the main-sequence turnoff at V = 14.624 and (B −V ) = 0.668. The system is located at 0.7 core radii from the cluster center, and has a P RV = 96% and a P P M = 98%. From our orbital solution, we find a mass ratio of 1.01 ± 0.07, and we estimate that both stars have masses of ∼1.02 M ⊙ . However, from inspection of the cross-correlation functions, it is clear that the two stars have different luminosities. We checked for a potential template mismatch using a set of solar-metallicity synthetic spectral templates ranging from a 0.5 M ⊙ main-sequence star to a 1.14 M ⊙ star at the tip of the giant branch. For all spectra of 5080 in which we detect the secondary, a combination of two solar templates returns the highest two-dimensional correlation peak height and therefore the best fit to the data. Hence we proceed to use our standard solar spectrum as the template for both the primary and secondary stars in order to derive the luminosity ratio. The majority of the correlation functions are highly blended. Consequently we ran TODCOR on the four observations that show the largest RV separations and derive a luminosity ratio (L 2 /L 1 ) of 0.32, with a standard deviation of 0.04. Thus the secondary star appears to be under-luminous for its mass. We note that, if we take the lowest value for the mass ratio allowed by the error, of 0.94, then we could be observing a binary containing a primary star that has evolved just past the turnoff with a main-sequence secondary star. If we take the mass of the primary star to be 1.02 M ⊙ , as derived in Section 3.2, then the secondary star could have a mass as low as 0.96 M ⊙ . Using these values with the Padova isochrone, we derive a luminosity ratio of 0.65, which is certainly much larger than what we observe.
7782 : 7782 is a BS SB2 binary located at 9.7 core radii with a P RV = 95% and a P P M = 11%. 7782 is the second bluest of our detected BSs in NGC 188 with a (B −V ) = 0.494. Interestingly, we find the system to have a mass ratio of 1.005 ± 0.013, meaning that both stars in the system are likely more massive than the main-sequence turnoff mass. Utilizing TODCOR, we select the 11 observations with well separated peaks to find a luminosity ratio of 0.739 with a standard deviation of 0.026. We suggest that 7782 may be a BS -BS binary system.
Photometric Variables and X-ray Sources
4289 : 4289 is a SB1 binary found at the base of the giant branch at a radius of 2.5 core radii. The binary is a secure cluster member with both P RV and P P M = 98 %. We derive an orbital solution with a period of 11.4877 ± 0.0009 days and an eccentricity consistent with circular of 0.012 ± 0.010. We estimate that the primary star is likely a red giant with a mass of < 1.12 M ⊙ , and the secondary star is on the main sequence with a mass of < 0.78 M ⊙ . This binary was observed to be one of the brightest X-ray sources, GX28, in the Gondoin (2005b) survey. They point out that one would not expect a giant star in NGC 188 to show rapid rotation or surface activity unless the star is a member of a tight binary system in which rapid rotation has been maintained by synchronization. We do not see any evidence for line broadening due to rotation in our spectra, which corresponds to an upper limit of ∼10 km s −1 (derived from similar analysis to that of Rhode, Herbst & Mathieu (2001) ). With a period of ∼11.5 days and assuming an appropriate radius for the primary star of ∼2.3 R ⊙ , we would expect a maximum rotational velocity of ∼10 km s −1 resulting from tidal synchronization. According to Gondoin (2005a) , even this relatively slow rotation may be sufficient to increase the surface coverage of magnetic-loop structures in giants like 4289 enough to produce the observed X-ray emission.
:
This SB2 binary is found at 1.3 core radii, and lies near the giant branch with V = 13.933 and (B −V ) = 0.938. The binary is a high-probability cluster member with both P RV and P P M = 98 %. We derive a kinematic orbital solution with a period of 35.178 ± 0.005 days and an eccentricity of 0.487 ± 0.005. This star was observed as a photometric variable, V11, by Kaluzny (1990) , who noted a dimming of almost 0.4 magnitudes over the course of the night of December 13, 1986. Kaluzny et al. conjecture that this variability and the location of 4705 on the CMD can be explained if 4705 is an eclipsing binary with a relatively unevolved red-giant primary and an upper-main-sequence secondary star. The observed photometric dimming occurred at a phase of ∼0.02 in our derived orbit (when the RVs of both the primary and secondary stars were very near the γ-velocity of the system). We used the program NIGHTFALL 7 to determine the phase at which one would expect to observe an eclipse in this system, and find that we would indeed expect an eclipse to occur at a phase of ∼0.02. Thus 4705 may be an eclipsing binary system in NGC 188. Furthermore, we estimate the primary mass to be 1.14 M ⊙ and find a mass ratio of 0.956 ± 0.013. This would allow for an upper main-sequence secondary star as predicted. Additionally, 4705 was found to be an X-ray variable, GX18, by Gondoin (2005b) , who observed low-amplitude brightness variations on the time scale of weeks. They suggest that these variations are due to slow rotation, as rotating giants can produce high X-ray luminosities, possibly related to the existence of magnetic fields induced by turbulent motion in their deepening convective zones. It has also been suggested by Zhang et al. (2002) and Gondoin (2005b) that 4705 may be an RS CVn system.
This SB1 BS binary lies at 1.6 core radii from the cluster center and is a secure cluster member with both P P M and P RV = 98 %. This binary is a BS, with a V magnitude of 15.373 and a (B −V ) color of 0.542. We derive a period of 120.21 ± 0.04 days with an eccentricity of 0.24 ± 0.03. Additionally, Kafka & Honeycutt (2003) found this binary to be a photometric variable (WV3) with a period of 0.18148 days. We cannot derive a kinematic orbital solution with this short period. We do observe signs of above average rotation in the 5379 spectra, and we have used the procedure of Rhode, Herbst & Mathieu (2001) to derive a v sin i of 15.4 ± 0.5 km s −1 . If this photometric variability is due to chromospheric activity or star spots at this short period, we would expect a rotational velocity for the star of >250 km s −1 , which can be ruled out for all inclination angles greater than ∼3.5
• . Kafka & Honeycutt (2003) suggested that 5379 may be a member of the short-period end of the NGC 188 W UMa population. This now seems less likely given our lack of observed rapid rotation. We note that the photometric period, amplitude of the oscillations, and the observed v sin i lie within the observed range of δ Sct variable stars (Rodríguez et al. 2000) . However 5379 does not lie near the instability strip.
5762 : 5762 is a SB2 binary found at the main-sequence turnoff at 3.4 core radii from the cluster center. The binary has a P P M = 97% and P RV = 66%. We derive a circular orbit with a period of 6.50430 ± 0.00004 days, a mass ratio near unity of 0.977 ± 0.008, and a minimum separation between the primary and secondary of 18.95 ± 0.08 R ⊙ . Zhang et al. (2002 Zhang et al. ( , 2004 identified this system as an eclipsing binary (V12). The observed photometric eclipse in Zhang et al. (2002) occurred at a phase of 0.88 in our orbital solution, when both stars in the system were moving near the γ-velocity. This provides further evidence for the eclipsing nature of the system. Meibom et al. (2009) discuss this eclipsing binary in detail. We simply point out that even if we are viewing this system at a low inclination angle, the true separation between the two stars will likely be very favorable to mass transfer as both stars evolve up the giant branch. As such, 5762 may be a pre-mass-transfer system which could represent a BS precursor.
A Possible Quadruple System : 5015
5015 is a 90% PM member, and upon preliminary inspection of the observed spectra and the resulting cross-correlation functions, we presumed that 5015 was a typical SB2 binary. There are two clear peaks in most of the 1D correlation functions, and both RVs are easily recovered using TODCOR for all but one observation. We followed the usual procedure of fitting an orbital solution to the primary, then using the derived orbital parameters to fit the full orbital solution, including the secondary velocities. However, we were unable to derive an SB2 orbit using the parameters from the fit to the primary. We then proceeded to fit a separate orbital solution to the secondary RVs, and found that the two solutions had entirely different parameters. We show the individual orbits in Figure 4 .3 and give the respective orbital parameters in Table 6 . Individually, each of the derived γ-velocities results in a P RV = 0%. Interestingly, though, if we take the average of the two γ-velocities, we get -41.9 ± 0.3 km s −1 , which is very close to the cluster mean RV of -42.36 ± 0.04 km s −1 (Paper 1). Thus we have two options: either the two observed binaries are a chance superposition of two field binaries, or we are observing a quadruple system that is a likely member of NGC 188.
If we assume that the two binaries are not cluster members, then we can ask what is the likelihood that we are observing a superposition of two binaries in the field. To answer this question, we utilized the theoretical Besançon model of the Milky Way (Robin et al. 2003) to derive the expected number of field stars within one square degree, covering our observed magnitude range, towards the direction of NGC 188. We then assume that the locations of these field stars are described by a Poisson distribution and proceed to calculate the conditional probability that we would observe two field stars within a three arcsecond diameter fiber, given that we observe at least one, and find a 0.04% probability. Furthermore, since 5015 contains two binaries within a three arcsecond diameter region, we then multiply this value twice by the field binary fraction of 51%, as observed by Duquennoy & Mayor (1991) . Finally, we must account for the RVs of the two binaries. To do so, we again use the Besançon model to calculate the percentage of field stars with RVs Fig. 3 .-SB1 orbital solutions for the two binaries 5015a (left) and 5015b (right) that likely reside in a quadruple system. In the top panels we plot the observed data with dots and the orbital fits in the solid lines; the dotted lines mark the γ-velocities. Below the orbital plots, we show the RV residuals, and above the plots we provide the IDs and periods. within five km s −1 from the mean RV for NGC 188 (i.e., only including field stars with -47 km s −1 ≤ RV ≤ -37 km s −1 ), and find these stars to populate 20% of the field towards NGC 188. Including these constraints, the probability of observing two field binaries in the direction of NGC 188 within a three arcsecond diameter fiber that have RVs within five km s −1 from the mean RV for NGC 188 is decidedly small, at 0.002%. To date, we have observed a total of 1116 stars in the direction of NGC 188. Though this is a relatively large number of stars, it is certainly not enough for us to expect to observe such a chance superposition of two field binaries. Therefore, this scenario seems unlikely.
Conversely, we can assume that these two binaries are members of a quadruple system in which the two binaries orbit each other about the system's center of mass. Observations of field solar-type binary populations find the frequency of triples and higher-order systems to be 5-50% (e.g. Mayor & Mazeh 1987; Duquennoy & Mayor 1991; Tokovinin 1997) . Additionally, there is observational evidence for the presence of multiple-star systems in a few well studied open clusters (e.g., M67, Mathieu, Latham & Griffin (1990) ; Praesepe, Mermilliod, Duquennoy & Mayor (1994) ; Pleiades, Bouvier, Rigaut & Nadeau (1997) ; Hyades, Patience et al. (1998) ). Recent N -body simulations by Hurley et al. (2005) suggest that in an old open cluster, we might expect up to ∼7% of the sources to reside in dynamically-formed triple or higher-order systems. Thus we should not be surprised to find a few such star systems in NGC 188.
Using TODCOR, we derive a luminosity ratio of 0.36 ± 0.02. From the Padova isochrone, we find a luminosity ratio of L ∝ M 4.5 , valid for this region of the NGC 188 main-sequence, which results in a mass ratio of 0.80 ± 0.04. Therefore, the true center-of-mass RV of the quadruple system would be -42.4 ± 0.3 km s −1 , which would result in a P RV = 98%. This along with the Platais et al. (2003) P P M = 90% provides strong evidence for cluster membership.
Summary
In this paper, we present 98 binary orbits resulting from our ongoing RV survey of the old open cluster NGC 188. This is the second paper in a series aimed at characterizing the solar-type single-and binary-star populations within the cluster. These data will enable us to investigate the formation mechanisms and evolution of anomalous stars, like BSs, as they are influenced by the binary population, through comparison with detailed theoretical models of the cluster.
We provide our complete current RV database for NGC 188 in Table 1 , including the measured RVs for all stars observed in the direction of NGC 188 over the course of our RV survey of the cluster. We use these data to derive the 70 SB1 (Section 3.1) and 15 SB2 (Section 3.2) orbital solutions for the NGC 188 cluster member binaries presented in this paper, and provide the results both graphically and as tabulated orbital elements. For the main-sequence, sub-giant and giant binaries we use a photometric deconvolution technique to estimate the masses of the primary and secondary stars relative to a 7 Gyr solar-metallicity isochrone, and we provide the SB1 results in Table 3 and the SB2 results in Table 5 . For SB1 systems, we also provide a lower limit on the secondary mass, derived using the orbital mass function.
In Section 4 we identify a few binaries of note, including a likely quadruple system, 5015. Notably, 4705 and 5762 are both SB2 systems that may also be eclipsing binaries (5762 is studied in detail by Meibom et al. (2009) ). We also observe the BS 7782 as an SB2 system with a mass-ratio near unity, which suggests that the system may contain two BS stars. We use TODCOR to investigate the luminosity ratio for the equal mass SB2 binary 5080 and find that the secondary star appears to be under-luminous for its mass. Finally we discuss the additional photometric variables and X-ray sources that are in binaries in NGC 188. The binaries of note discussed in Section 4 are ripe for further study.
The WIYN Open Cluster Study will continue its survey of NGC 188 in order to provide orbital solutions for all binaries in the cluster out to periods of 1000 days as well as a fraction of longer period binaries. In future papers, we will analyze the binary distribution in period, eccentricity and secondary mass, and constrain the cluster binary fraction. These data will form critical constraints on future detailed N -body models of NGC 188 as well as other open clusters, allowing us to study the complex interplay of stellar evolution and dynamics amongst the single-and binary-cluster members as they interact in the open cluster environment.
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A. APPENDIX
A.1. Field Binaries
In our survey to find binary cluster members, we have serendipitously derived orbital solutions for 13 field binaries, all with either P RV or P P M = 0%. We note that some of these binaries appear to be kinematic members of NGC 188 from either PM or RV evidence, but none are cluster members in all three dimensions. In the interest of studies of the field binary population, we present these orbital plots (Figures 4 and 5) and parameters (Tables 7 and 8) here. 
